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OPTICAL COMPONENT FOR LIQUID CRYSTAL DISPLAY 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to an optical film, 

diffusion sheet, reflector, surface light source device and 
liquid crystal display. More particularly, it relates to an 
optical film or the like having an optical pattern formed thereon . 
Further, it relates to a surface light source device or liquid 
crystal display utilizing the optical film or the like. 

2. Description of the Prior Art 

[0002] Fig. 1 is an exploded and partially cutaway 

perspective view showing a configuration of a conventional 
surface light source device 1 used for a liquid crystal display 
or the like- In this surface light source device 1 , a diffusion 
sheet 3 is laminated above a light guide plate 2 (an observer 
side ) made of a transparent material having a great refractive 
index , on which two prism sheets 4 and 5 are laminated . Arranged 
below the bottom surface of the light guide plate 2 is a reflection 
sheet 6 made of a white sheet or the like. Further, a light 
source 7 composed of a cold- cathode tube is arranged at the 
side of the light guide plate 2. 

[0003] A dot pattern 8 of diffused reflective ink as shown 

in Fig. 2 is printed on the bottom surface of the light guide 
plate 2 or a diffusion pattern by an optical pattern is recessedly 
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provided thereon. Further, each of the above-mentioned prism 
sheets 4 and 5 has arranged on its top surface a prism having 
a triangular- shaped section that is uniformly extended. The 
prism sheet 5 is positioned on the prism sheet 4 so as to he 
rotated at an angle of 90° with respect to the prism sheet 5. 
[ 0004 ] in this surface light source device 1 , light emitted 

from the light source 7 enters into the light guide plate 2 
from the side surface of the light guide plate 2 , and then spreads 
all over the light guide plate 2 while repeating a total 
reflection at the top surface and the bottom surface of the 
light guide plate 2 W As shown in Fig. 3, when light I* that 
is transmitted as repeating the total reflection in the light 
guide plate 2 comes in contact with the dot pattern 8 to thereby 
be diffusedly reflected, an incident angle to the top surface 
of the light guide plate 2 is changed. When the light L incident 
to the top surface of the light guide plate 2 is introduced 
with an incident angle smaller than a critical angle of the 
total reflection, it is emitted to the outside from the top 
surface (light -emit ting surface) of the light guide plate 2. 
Further, since the amount of the reaching light I* becomes small 
as it becomes far away from the light source 7, the density 
of the dot pattern 8 is increased as it becomes far away from 
the light source 7 in order that the light is emitted from the 
top surf ace of the light guide plate 2 with uniform brightness. 
[0005] Fig. 4 represents a movement of the light L by the 
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light guide plate 2 Having a diffusion pattern 9 recessedly 
provided at its bottom surface. In such a light guide plate 
2 too, the transmitted light L while repeating the total 
reflection in the light guide plate 2 changes its incident angle 
to the top surface of the light guide plate 2 when it comes 
into contact with the diffusion pattern 9 to thereby be reflected 
as shown in Fig. 4. The light L incident on the top surface 
of the light guide plate 2 with an incident angle smaller than 
the critical angle of the total reflection is emitted to the 
outside from the top surface (light -emit ting surface) of the 
light guide plate 2. 

[0006] Fig. 5 is a view for explaining a directional 

characteristic of the light in this surface light source device 
1. Since the light is emitted from the top surface of the light 
guide plate 2 with the movement shown in Figs, 3 and 4 in the 
surface light source device 1, the light emitted from the top 
surface of the light guide plate 2 becomes light approximately 
parallel to the top surface of the light guide plate 2 and having 
a strong directivity as represented by a directional 
characteristic Pa. The light having a strong directional 
characteristic is diffused by passing through the diffusion 
sheet 3, thereby becoming diffused light having a directional 
characteristic Pb like Lambert light. Accordingly , the use 
of the diffusion sheet 3 improves non-uniform brightness of 
the light guide plate 2. Moreover, the light emitted from the 



top surf ace of the light guide plate 2 is diffused by the diffusion 
sheet 3 for widening the direction of the light, with the result 
that it is difficult to be totally reflected at the bottom surface 
of the prism sheet 4, thereby increasing the light amount 
introduced into the prism sheet 4. 

[0007] However, even if the directivity is decreased by 

the passage through the diffusion sheet 3, the center of the 
directional characteristic of this light is inclined from the 
direction perpendicular to the diffusion sheet 3 . When the 
diffused light passing through the diffusion sheet 3 passes 
through two prism sheets 4 and 5 each having different direction , 
the light passing through the prism sheets 4 and 5 is aligned 
again so as to become light with strong directional 
characteristics Pc and Pd having a strong directivity in two 
directions (direction wherein the prism of each prism sheet 
4 and 5 is arranged) , as well as the light -emitting direction 
is aligned in the direction perpendicular to the prism sheets 
4 and 5. 

[0008] Pig, 6 is a view for explaining a function of each 

of the prism sheets 4 and 5. Fig* 6A represents the movement 
of the light L when the light L passing through the diffusion 
sheet 3 is diagonally introduced into the bottom surface of 
one prism sheet 4 . The light L introduced into the prism sheet 
4 from the bottom surface of the prism sheet 4 is refracted 
at the bottom surface of the prism sheet 4 and is directed upward , 
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and further refracted upon being emitted from the slope of the 
prism , thereby being emitted toward the direction perpendicular 
to the prism sheet 4 . 

[0009] On the other hand , the light L vertically introduced 

toward the bottom surface of the prism sheet 4 from the diffusion 
sheet 3 is totally reflected (returningly reflected) twice at 
the slope of the prism and then is returned toward the diffusion 
sheet 3 and the light guide plate 2 as shown in Fig, 6B. The 
light L returned to the diffusion sheet 3 and the light guide 
plate 2 is reflected by the reflection sheet 6 to thereby be 
emitted again from the top surface of the light guide plate 

[0010] Therefore, a part of the light L diffused by the 

diffusion sheet 3 and incident on the prism sheets 4 and 5 is 
emitted in the direction perpendicular to the prism sheets 4 
and 5, while another part of the light L is returningly reflected 
by the prism sheets 4 and 5 to thereby be returned to the light 
guide plate 2, reflected by the reflection sheet 6, and then, 
passes through the diffusion sheet 3 to be introduced again 
to the prism sheets 4 and 5. As a result, the light L passing 
through the diffusion sheet 3 is aligned in the direction 
perpendicular to the prism sheets 4 and 5 to be emitted with 
high efficiency. 

[ 0011 ] Figs . 7A, 7B and 7C are views each showing an angle 

distribution of the light L emitted from the light guide plate 



2, an angle distribution of the light L passing through the 
diffusion sheet 3 and an angle distribution of the light L passing 
through the prism sheet 4. Each view represents the brightness 
of the light L emitted in the direction at an angle of 6a, 6b 
or 6c with respect to a vertical axis N as shown in Fig. 8. 
According to Fig. 7A, the brightness of the light L shows a 
great peak in the vicinity of 60° , that Is sufficiently agreed 
with the state in which the light L emitted from the top surface 
(light -emit ting surface) of the light guide plate 2 is normally 
emitted in the direction inclined from the vertical axis N 
(generally about 60° ± is* ) • 

[0012] Moreover, the peak of the brightness is moved to 

the position of approximately 40* in Fig. 7B. As the height 
of the brightness peak is lowered, the brightness becomes gentle 
In total to thereby be almost uniform. This corresponds to 
the fact that, when the light L passes through the diffusion 
sheet 3, non-uniform brightness is improved and the direction 
of the optical axis also approaches to the direction of the 
vertical axis N. 

[0013] Further, the peak of the brightness is moved to 

the position of approximately 30 p wherein the brightness In 
the direction at an angle of 0° ( the direction of the vertical 
axis N) becomes great . Accordingly, it is understood from Fig. 
7C that the use of the prism sheets 4 and 5 can align the emitting 
direction of the light L to the direction perpendicular to the 



prism sheets 4 and 5. 

[ 0014 ] As described above , the diffusion sheet or the prism 

sheet arranged at the light -emit ting side of the light guide 
plate plays an important role for reducing non-uniform 
brightness of the emitting light or for increasing a frontal 
brightness in the surface light source device . 
[0015] However , the spread of the light diffused by the 

diffusion sheet 3 is great in the above -mentioned surface light 
source device , so that the light L diffused in the direction 
shown in Fig. 9 is transmitted through the prism sheets 4 and 
5 to thereby be emitted in the diagonal direction. Such light 
Lisa loss , thereby entailing a problem of decreasing the frontal 
brightness of the surface light source device. 
[0016] Further , the diffusion sheet or prism sheet 

separately formed is required to be laminatedly arranged on 
the light guide plate in the surface light source device having 
the above-mentioned configuration shown in Fig. 1, so that there 
is a limitation on decreasing a thickness of the surface light 
source device. Moreover, the number of the components is 
increased in the surface light source device , thereby entailing 
a problem of increasing the number of assembling or increasing 
cost. 
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SUMMARY OF THE INVENTION 
The present invention is accomplished in view of 



the above -mentioned conventional technique , and alms to provide 
an optical film., diffusion sheet and reflector or the like having 
a diffusion pattern capable of diffusing light while reducing 
light that is a loss, 

[0018] Another object of the present invention is to 

provide an optical film that can integrate a prism sheet with 
a diffusion pattern without reducing an improvement effect of 
a frontal brightness by a prism sheet, 

[0019] Still another object of the present invention is 

to provide an optical film that can integrate a reflector with 
a diffusion pattern without reducing an improvement effect of 
a frontal brightness by a prism sheet, thereby reducing the 
number of components. 

[0020] An optical film according to the present invention 

is , in some preferred embodiment , an optical film wherein plural 
diffusion patterns are formed on a light -incident surface and 
plural prisms are formed on a light -emitting surface, wherein 
the diffusion patterns have, in at least one section, a first 
inclined surface made of a curved surface having a relatively 
small inclination and a second inclined surface that is 
oppositely inclined to the first Inclined surface with a 
relatively great inclination. 

[0021] A diffusion sheet according to the present 

invention is , in some preferred embodiment , a diffusion sheet 
having plural diffusion patterns formed thereon, wherein the 



diffusion patterns have. In at least one section, a first 
Inclined surface made of a curved surface having a relatively 
small inclination and a second inclined surface that is 
oppositely inclined to the first inclined surface with a 
relatively great inclination. 

[ 0022] A reflector according to the present invention is , 

in some preferred embodiment, a reflector having plural 
diffusion patterns formed on a light -reflecting surface, 
wherein the diffusion patterns have, in at least one section, 
a first inclined surface made of a curved surface having a 
relatively small inclination and a second inclined surface that 
is oppositely inclined to the first inclined surface with a 
relatively great inclination . 

[0023] It is to be noted that the components explained 

above can optionally be combined as long as it is possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] Fig. 1 Is an exploded and partially cutaway 

perspective view showing a configuration of a conventional 
surface light source device used for a liquid crystal display 
or the like. 

[0025] Fig. 2 is a view for explaining a dot pattern of 

diffused reflective ink formed on the bottom surface of a light 
guide plate. 

[ 0026 ] Fig . 3 is a schematic view for explaining a movement 
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of light at the light guide plate having the dot pattern formed 
thereon . 

[ 0027 ] Pig . 4 is a schematic view for explaining a movement 

of light at the light guide plate having a diffusion pattern 
formed thereon. 

[0028] Fig. 5 is a view for explaining a directional 

characteristic of light in the surface light source device shown 
in Pig. 1, 

[0029] Fig, 6A and Fig. 6B are views for explaining an 

operation of a prism sheet in the above-mentioned surface light 
source device. 

[ 0030 ] Fig. 7A is a view showing a distribution of an angle 

of light emitted from the light guide plate. 

[ 0031 ] Fig . 7B is a view showing a distribution of an angle 

of light transmitting a diffusion sheet. 

[ 0032 ] Fig . 7C is a view showing a distribution of an angle 

of light transmitting the prism sheet* 

[0033] Figs. 8A, 8B and 8C are views for explaining a 

definition of each angle 6a, 6b and 9c in Figs. 7A, 7B and 7C. 
[0034] Fig. 9 is a view for explaining a problem in the 

conventional surface light source device. 

[0035] p± ?\ 10 is 311 exploded perspective view showing 

a surface light source device according to one embodiment of 
the present invention. 

[0036] Fig. 11 is a side view of the surface light source 
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device • 

[0037] Fig. 12 is an explanatory view for showing a profile 

of one unit o£ diffusion patterns formed on the bottom surface 
of an optical film. 

[0038] Pigs. 13A and 13B are views each for explaining 

a movement of light Introduced into the optical film. 
[0039] Figs. 14A and 14B are views each for explaining 

a movement of light introduced Into the optical film. 
[0040] Fig- 15 is a view for showing a directional 

characteristic of light emitted from the surface light source 
device having the configuration shown in Fig. 1. 
[0041] Figs. 16A to 16C are views for explaining a design 

procedure of the optical film. 

[0042] Figs. 17A to 17E are views for explaining a 

fabrication process of the optical film of the present invention • 

[0043] Fig. 18 is an exploded perspective view according 

to another embodiment of the present invention, 

[0044 ] Fig . 19A is a plan view showing a part of an optical 

film according to a still another embodiment of the present 

invention. 

[0045] Fig. 19B is a sectional view taken along a line 

XI - XI of Fig. 19A. 

[0046] Fig. 19C is a view of a back surface of the optical 

film shown in Fig. 19A. 

[0047] Fig. 19D is a sectional view taken along a line 
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X2 - X2 Of Fig. 19C. 

[0048] Fig. 20 is an enlarged perspective view showing 

a part of an optical film 46 according to a still another 
embodiment of the present invention. 

[0049 ] Fig. 21A is a plan view showing a part of the optical 

film. 

[0050] Fig. 2 IB is a sectional view taken along a line 

Y - Y of Fig. 21A. 

[0051] Fig. 21C is a view showing a back surface of the 

optical film, 

[0052] Fig. 22 is a sectional view showing an optical film 

according to a still another embodiment of the present invention . 
[0053] Fig. 23 is a sectional view of a surface light source 

device according to a still another embodiment of the present 
invention. 

[0054] Fig. 24 is a sectional view of a surf ace light source 

device according to a still another embodiment of the present 
invention. 

[0055] Fig. 25 is a schematic sectional view of a liquid 

crystal display using a surface light source device of the 
present invention. 

[0056] Fig. 26 is a perspective view showing a cellular 

terminal of a cellular phone or the like. 

[0057] Fig. 27 is a perspective view showing a mobile 

computer. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 
[First Embodiment] 

[0058] Fig. 10 is an exploded perspective view showing 

a surface light source device 21 according to one embodiment 
of the present invention . Fig . 11 is a side view thereof „ This 
surface light source device 21 is composed of a light guide 
plate 22, an optical film 23 arranged on the light guide plate 
22, a reflector 24 arranged below the light guide plate 22 and 
a light source 25 arranged so as to be opposite to the side 
face of the light guide plate 22 . A light -emitting diode (LED) , 
cold- cathode tube, electroluminescence (EL) or the like can 
be used for the light source 25. The light guide plate 22 is 
formed like a flat plate by a transparent resin with high 
refraction index such as methacrylate resin, polycarbonate 
resin or the like or a glass material. Formed on the bottom 
surface of the light guide plate 22 is a minute concave /convex 
pattern 26 having an arc section or triangular section. The 
distribution density of the concave /convex pattern 26 gradually 
becomes great as it is far away from the light source 25 - Further , 
the reflector 24 is made of a white resin sheet or the like 
having a great surface reflectivity. 

[0059] The optical film 23 is desirably made of a material 

having high refraction index and high light transmittance such 
as acrylate resin or polycarbonate resin. Besides that. 
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preferable materials Include polypropylen , polyurethane , 
polystyrene, polyvinyl dichloride or the like. The optical 
film 23 is formed to have a thickness of approximately 100 jam. 
Plural prisms 27 each having a triangular section ( in particular , 
a shape of a right triangle) are arranged on its surface 
(light -emit ting surface) in parallel with a pitch of 
approximately 10 to 40 pun, while plural diffusion patterns 28 
are arranged in parallel on its back surface (light -Incident 
surface) . In this embodiment , each of the prisms 27 and each 
of the diffusion patterns 28 has a uniform sectional shape, 
and extends over the total width of the optical film 2 3 . Further . 
the optical film 23 is arranged such that the extending direction 
of the diffusion patterns 28 is parallel to the side face of 
the light guide plate 22 opposite to the light source 25. 
[0060] Fig. 12 is an explanatory view of a profile of one 

unit of the diffusion patterns 28 formed on the bottom surface 
of the optical film 23- The diffusion patterns 28 are formed 
withapitchof approximately 10 to 40 pnu This diffusion pattern 
28 has a main inclined plane 29 inclined toward the upper-right 
direction and auxiliary inclined plane 30 inclined toward the 
lower-right direction in Fig. 12, It is considered that light 
is emitted from the top surface of the light guide plate 22 
toward the diagonally upward direction. The main inclined 
plane 29 has an inclination smoothly changed, so that it is 
a convex curved face viewed from below, while the auxiliary 
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Inclined plane 30 may be a gentle curved face or may be a flat 
face. When an angle made by a line segment connecting the 
lowermost point D to the uppermost point H of the main Inclined 
plane 29 and a plane P (virtual ) contacting to the bottom surface 
of the optical film 23 is defined as a, an inclination 9 at 
each point of the main inclined plane 29 (an angle made by a 
tangent line contacting to the main inclined plane 29 and the 
plane P at each point) is changed between the minimum value 
and the maximum value with the angle a sandwiched therebetween. 
Specifically, the inclination 9 at each point of the main 
inclined plane satisfies the following equation: 

9 min = a- ££0:sa + Y = 6 max 
[0061] m Pig. 12, for example, the inclination at the 

lowermost point D of the main inclined plane 29 is a - fi, the 
inclination at the uppermost point H of the main inclined plane 
29 is a + Y* *nd the inclination at the central point between 
the lowermost point D and the uppermost point H is gradually 
changed from a - 8 to a + y from the lowermost point D to the 
uppermost point H. Assuming that the emission angle of the 
light emitted from the light guide plate 22 is about 60* ± 15° , 
the inclination a of the line segment liking the lowermost point 
D to the uppermost point H may be set to from not less than 
5° to not more than 30° , and more particularly, it is desirably 
set to about 20* . Further, the values of 6 and y are desirably 
set to not more than 10° respectively- Accordingly, if a « 
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20* , the Inclination of the main inclined plane 29 is changed 
from about 10° to about 30° . Moreover, the main inclined plane 
29 is not changed with a uniform curvature from the lowermost 
point D toward the uppermost point H, but the curvature is 
gradually increased from the lowermost point D toward the 
uppermost point H . 

[0062] Although the narrow angle between the main Inclined 

plane 29 and the auxiliary inclined plane 30 Is an acute angle 
at the position where the main inclined plane 29 Is brought 
into contact with the auxiliary inclined plane 30 in Fig. 12 , 
the angle between the main inclined plane 29 and the auxiliary 
Inclined plane 30 is actually smoothly changed as shown in Figs . 
10 and 11 In order to obtain sufficient release characteristic 
upon molding the optical film 23. 

[0063] Subsequently, the operation and effect of the 

aforesaid surface light source device 21 will be explained. 
The movement of light at the light guide plate 22 is the same 
as explained in the conventional technique, thereby omitting 
the explanation* 

[0064] Fig. 13A r 13B and Fig. 14A, 14B are views for 

respectively explaining the movement of light incident on the 
optical flljn 23. Fig. 13A and 13B represent the movement of 
the light X. emitted toward the diagonally upward direction from 
the light -emitting surface of the light guide plate 22 and 
incident on the main inclined plane 29 of the diffusion pattern 
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28 at the bottom surface of the optical film 23. After being 
refracted on the Inclined plane 29, the light L diagonally 
Incident on the main inclined plane 29 is introduced to the 
prism 27 thereabove to be refracted thereon, thereby being 
emitted upwardly. Since the main inclined plane 29 is curved, 
the parallel light L incident on the different position of the 
main inclined plane 29 is refracted thereon in a little different 
direction, then, introduced to the prism 27 thereabove, 
whereupon it is refracted on the prism 27 to be upwardly emitted 
as shown in Fig. 13B. Accordingly, the light L diagonally 
incident on the main inclined plane 29 has its optical axis 
direction directed upward and its light beam direction changed 
little by little by passing through the diffusion pattern 28. 
Specifically, this optical film 23 has both the functions of 
the conventional prism sheet and the diffusion sheet. 
[0065] Moreover, Fig. 14A represents the movement of the 

light emitted toward the diagonally upward direction from the 
light -emitting surface of the light guide plate 22 and Incident 
on the auxiliary inclined plane 30 of the diffusion pattern 
28 at the bottom surface of the optical film 23. The light 
L incident on the auxiliary Inclined plane 30 is, after 
transmitting the auxiliary inclined plane 30, incident on the 
prism 27, and then, refracted upon transmitting the prism 27 
and incident again on the optical film 23 from the adjacent 
prism 27 as shown in Fig. 14A. Then, it is totally reflected 
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±n the prism 27 , whereby the optical axis thereof Is directed 
downward, with the result that It Is emitted from the bottom 
surface of the optical film 23 to thereby be returned toward 
the light guide plate 22. 

[0066] Fig. 14B Is a view for explaining the operation 

of the auxiliary Inclined plane 30 . At the light guide plate 
22, the light L reflected by the concave /convex pattern 26 at 
the bottom surface is diagonally emitted from the light - emitting 
surface of the light guide plate 22 , the optical axis of this 
light L being upwardly bent by the prism 27 , whereby the surface 
light source device 21 emits light at the section of the 
concave/convex pattern 26, causing a non-uniform brightness 
at the surface light source device 21. The conventional 
technique utilizes a diffusion sheet for eliminating the 
non-uniform brightness. On the other hand, the surface light 
source device 21 of the present invention eliminates the 
non -uniform brightness by returning the light L incident on 
the auxiliary Inclined plane 30 to the light guide plate 22 
as described above. Specifically, the light L returningly 
reflected to the light guide plate 22 by the diffusion pattern 
28 passes through the light guide plate 22 to be regularly 
reflected by the reflector 24 (the reflector 24 may be the one 
for dif f usedly reflecting the incident light ) , whereupon the 
light reflected by the reflector 24 passes through the light 
guide plate 22 and the optical film 23 to thereby be vertically 
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emitted. The pitch of the prism 27 is about 10 to 40 pm and 
the space between the concave /convex patterns 26 is not less 
than 100 pm, so that the section having no concave/ convex pattern 
26 also becomes a light -emitting point of the light guide plate 

22 , thereby being capable of reducing the non-uniform brightness 
of the surface light source device 21. Further, although not 
explained here, there is the light L introduced from the main 
inclined plane 29 and reflected by the prism 27 to thereby be 
returned toward the light guide plate 22 as described later. 
Accordingly, the optical film 23 of the present invention can 
be given a function too for preventing the non- uniform brightness 
attained by a conventional diffusion sheet. 

[0067] Moreover, the back surface of this optical film 

23 has the diffusion patterns 28 thereon, that means it is not 
a smooth surface , whereby an interference pattern such as Newton 
rings does not occur between the light guide plate 22 and the 
optical film 23 . Further, the inclination of the main inclined 
plane 29 is limited within a range of the angle of inclination 
(a-fi£0£a + Y), so that the spread of the light passing 
through the main inclined plane 29 and then scattered is also 
restricted, whereby the directivity due to the prism 27 is 
difficult to be deteriorated and a problem can be eliminated 
wherein light is emitted in the direction far away from the 
vertical direction to thereby cause a loss of light. 
[0068] Fig. 15 is a view for showing a directional 
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characteristic of the light emitted from the surface light source 
device 21 having the above-mentioned configuration. In the 
surface light source device 21 used for obtaining this data, 
the emission angle of the light emitted from the light -emitting 
surface of the light guide plate 22 is 60* ±15° and the used 
optical film 23 was formed by a resin having a refractive index 
of 1.6. The optical film 23 had the main inclined plane 29 
with the angle of inclination of a = 19° and B = y - 10° ■ and 
the auxiliary inclined plane 30 with the angle of inclination 
of 70° . The directional characteristic obtained as the result 
represented a satisfactory characteristic having approximately 
bilateral symmetry shape as shown in Fig. 15. 
[0069] Subsequently explained is a specific design 

technique. Figs. 16A to 16C are views for explaining a design 
process of the optical film 23. It is supposed that the 
refractive index of the optical film 23 is defined as 1.6 and 
the prism 27 thereon has a vertical angle of 90° . Further, 
the light Introduced from the light guide plate 22 to the optical 
film 23 has the emission angle of 60° ± 15° . 
[0070] Firstly, the diffusion pattern 28 composed of the 

flat main inclined plane 29 and the flat auxiliary inclined 
plane 30 is designed on the bottom surface of the optical film 
23. Then, the €mgle a of the main inclined plane 29 is determined 
such that the light incident on the diffusion pattern 28 with 
the incident angle of 60° is refracted on the main inclined 
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plane 29 and the prism 27 and then emitted toward vertical upward 
direction as shown in Pig. 16A. This design provided the angle 
of inclination of the flat main inclined plane 29 of a = 19° „ 
[0071] Apart of the light L incident on the bottom surface 

of the optical film 23 is emitted toward vertical upward 
direction as shown in Fig. 16A, but a part of the remaining 
light L enters into the optical film 23 from the auxiliary 
inclined plane 30 , and then , reflected by the prism 27 to thereby 
be returned to the side of the light guide plate 22 as described 
above. Moreover, a part of the light L introduced into the 
optical film 23 from the main inclined plane 29 is also reflected 
by the prism 27 , emitted from the prism 27, returned again into 
the optical film 23 from the adjacent prism 27, reflected by 
the prism 27, and then, returned to the side of the light guide 
plate 22 as shown in Fig. 16B. When the optical film 23 is 
designed so as to have the main inclined plane 29 with the angle 
of inclination of a = 19 9 as described above, 67 % of the light 
L incident on the back surface of the optical film 23 with an 
angle of 60° is emitted toward vertical upward direction, while 
33 % thereof is returned to the side of the light guide plate 
22. 

[0072] When the main inclined plane 29 is flat as shown 

in Fig. 16A, the light L emitted from the top surface of the 
optical film 23 is aligned to be parallel, but when the main 
inclined plane 29 is curved, the light L emitted from the top 
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surface of the optical film 23 spreads within a predetermined 
range. On the other hand, the spread of the light (within the 
range of the emission angle) emitted from the surface of the 
optical film 23 has desirably a value of ±'30* in general with 
respect to the vertical axis. Therefore, the main inclined 
plane 29 was curved such that, when the light L incident on 
the bottom surface of the optical film 23 with an angle of 60* 
± 15 a was incident from the main inclined plane 29 and then 
emitted from the top surface of the optical film 23 , the light 
spread within the range of the emission angle of ± 30° . 
Consequently , the angle of inclination of the main inclined 
plane 29 was changed from a - B = 9° to a + y ■ 29° . Accordingly, 
the design result of 6 = y m 10° was obtained. Further, 6 = 
7=3* may be established in the case of narrowing the spread 
of the light emitted from the optical film 23. 
[ 0073] Subsequently explained is aprocess for fabricating 

the optical film 23 according to the present invention. The 
optical film 23 can be fabricated by a stamper method or an 
embossing method. Fig. 17 shows a stamper method or 2P 
(Photo-Polymerization) method. Firstly, a ultraviolet curing 
resin 34 is quantitatively dropped from a dispenser on a lower 
die 33 having formed thereon an inversion pattern 32 of the 
prism 27 with a triangular channel shape as shown in Fig. 17A. 
Then, as shown in Fig. 17B, the ultraviolet curing resin 34 
is pressed by a stamper 36 having formed on its bottom surface 
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an Inversion pattern 35 of the diffusion pattern 26 , whereupon 
the ultraviolet curing resin 34 is forcibly spread out in a 
space between the inversion pattern 35 of the stamper 36 and 
the inversion pattern 32 of the lower die 33 to thereby fill 
the ultraviolet curing rein therein as shown in Fig, 17C. 
Thereafter , as shown in Pig. 17D, ultraviolet ray is irradiated 
to the ultraviolet curing resin 34 from the bottom surface of 
the lower die 33 through the transparent lower die 33 to cure 
the ultraviolet curing resin 34, thereby forming the optical 
film 23. After the ultraviolet curing resin 34 is cured, the 
stamper 36 and the lower die 33 are opened to take out the optical 
film 23 shown in Fig- 17E. 

[0074] Although the surface light source device 21 shown 

in Figs. 10 and 11 has only the optical film 23 laminated on 
the light guide plate 22, a prism sheet having a smooth back 
surface may further be laminated on this optical film 23 in 
order that the direction of the prism of the optical film 23 
and the direction of the prism of the prism sheet provide an 
angle of 90° viewed from the top. 

[Second Embodiment] 

[ 0075 ] Fig . 18 is an exploded perspective view of a surface 

light source device 41 according to another embodiment of the 
present invention. In this surface light source device 41 , 
an optical film 42 and a prism sheet 43 are laminated on the 
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light guide plate 22. 

[ 0076 ] Each prism 27 formed on the top surface of the optical 

film 42 is aligned in one direction , but does not extend all 
over the full width of the optical f ilm 42 and suitably arranged 
sectionally on the top surface of the optical film 42 . Further , 
the size of each prism 27 is not uniform, but formed to be a 
random size. 

[00771 The diffusion patterns 28 formed on the bottom 

surface of the optical film 42 is also aligned in one direction, 
but each diffusion pattern 28 may be extended all over the full 
width of the optical film 42 or each diffusion pattern 28 may 
suitably provided sectionally on the bottom surface of the 
optical film 42 • Further, each of the diffusion patterns 28 
is also formed to have a random size , but they are substantially 
the same in shape . 

[0078] The prism sheet 43 has prisms 44 with a triangular 

shaped section extending in one direction that are arranged 
in parallel to each other, the back surface of which is a smooth 
surface „ The prism sheet 43 is arranged such that the direction 
of the prism 44 is perpendicular to the direction of the prism 
27 of the optical film 42 viewed from the top. 
[0079] In this surface light source device 41 too, the 

light emitted from the light guide plate 22 is scattered while 
being controlled within a constant range by the optical film 
42 and the diffusion patterns 28, and then, emitted from the 
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prism 27 of the optical film 42 and the prism 44 of the prism 
sheet 43 toward vertical upward direction. Further, 
non-uniform brightness caused on the light guide plate 22 is 
reduced by making the arrangement and size of the prism 27 random. 

[Third Embodiment] 

[0080] Fig. 19A is a plan view partly showing an optical 

film 45 according to still another embodiment of the present 
invention, Fig. 19B is a sectional view taken along a ling XI 
- XI in Fig. 19A, Fig. 19C is a view showing the back surface 
thereof, and Fig. 19D is a sectional view taken along a line 
X2 - X2 in Fig. 19C. This optical film 45 can be used for the 
surface light source device shown in Fig. 18. In this optical 
film 45 , the prism 27 on the top surface is also suitably arranged 
sectionally, and further, the size of the prism 27 is also not 
uniform hut formed to be random. Moreover, each prism 27 is 
sectioned like a tortoise shell in this optical film 45 , thereby 
enhancing the degree of the randomness. 

[0081] Further, the diffusion patterns 28 provided on the 

bottom surface of the optical film 45 are also sectioned in 
an area of a tortoise shell, so that it is arranged with a high 
randomness. Additionally, this optical film 45 is composed 
of the main inclined plane 29 and the auxiliary inclined plane 
30 in the direction of XI - XI as shown in Fig. 19B. Moreover, 
as shown in Fig. 19D # the surface of the diffusion pattern 28 
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Is not flat but also curved like the embodiments explained so 
far In the section In the direction of X2 - X2 perpendicular 
to the line of XI -XI. Accordingly , one diffusion pattern 
28 has a curved face obtained by inclining a part of a paraboloid 
of revolution. 

[0082] Arranging randomly the prisms 27 and the diffusion 

patterns 28 as described above can restrain the reduction in 
visibility due to the Interference among the prisms 27 or among 
the diffusion patterns 28. Further , non-uniform brightness 
or occurrence of moire fringes can be restrained in case where 
this embodiment is applied to a surface light source device 
or a liquid crystal display. 

[Fourth Embodiment] 

[0083] Fig* 20 is an enlarged perspective view showing 

a part of an optical film 46 according to still another embodiment 
of the present invention , Fig. 21A is a plan view showing a 
part of the optical film 46 , Fig. 21B is a sectional view taken 
along a line Y - Y of Fig. 21A, and Fig. 21C is a view for showing 
the back surface thereof • The prisms 27 in each area are aligned 
in the same direction in the optical film 45 shown in Fig. 19, 
but in this optical film 46, the direction of each prism 27 
is rotated by 90° every each area. It is to be noted that the 
diffusion patterns 28 on the back surface are directed in the 
same direction. 
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[0084 ] Arranging randomly the prisms 27 and the diffusion 

patterns 28 as described above can restrain the reduction in 
visibility due to the interference among the prisms 27 or among 
the diffusion patterns 28. Further , non- uniform brightness 
or occurrence of moire fringes can be restrained in case where 
this embodiment is applied to a surface light source device 
or a liquid crystal display. 

[0085 ] Further . in this embodiment , prisms 27 are arranged 

in two directions on the top surface of the optical film 46, 
whereby it is unnecessary to laminate two optical film and prism 
sheet each having prisms directed in the different direction 
as shown in Fig. 18 , and consequently, two prism sheets can 
be integrated to thereby be capable of reducing the number of 
components . 

[Fifth Embodiment] 

[0086] Fig. 22 is a sectional view showing a part of an 

optical film 47 according to still another embodiment of the 
present invention. In the optical film 23 explained with 
reference to Figs. 10 to 13, each diffusion pattern 28 has a 
convex curved surface viewed from the bottom surface, but it 
may have a concave curved surface viewed from the bottom surface . 
In this case, the inclination 6 at each point on the section 
of the diffusion pattern 28 is also set to satisfy the equation 
ofa-8fi8sa + y with respect to the inclination a of the 
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segment line 31 connecting the lowermost point D to the uppermost 
point H. 

[Sixth Embodiment ] 

[0087] Fig. 23 is a sectional view showing a surface light 

source device 48 according to still another embodiment of the 
present invention. In this surface light source device, a 
diffusion sheet 50 and a prism sheet 49 are laminated on the 
light guide plate 22 . This means that the optical film according 
to the present invention is separated into the side of the prisms 
27 and the side of the diffusion patterns 28- Specifically, 
prisms 27 each having a triangular shaped section are formed 
all over the full width or formed sectionally on the top surface 
of the prism sheet 49 , while the back surface of the prism sheet 
49 is formed to be smooth. The diffusion patterns 28 composed 
of the main inclined plane 29 and the auxiliary inclined plane 
30 are formed all over the full width or formed sectionally 
on the bottom surface of the diffusion sheet 50, while the top 
surface of the diffusion sheet 50 is formed to be smooth. 
[0088] Separating the prism sheet 49 and the diffusion 

sheet 50 as described above allows to form a pattern (prisms 
27 , diffusion patterns 28 ) on only one side of each sheet , thereby 
facilitating the manufacture. It is to be noted that the top 
surface of the diffusion sheet 50 and the bottom surface of 
the prism sheet 49 may be bonded with an adhesive having a 
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refractive index equal to that of the diffusion sheet 50 and 
that of the prism sheet 49. 

[Seventh Embodiment] 

[0089] Fig. 24 is a sectional view of a surface light source 

device according to still another embodiment of the present 
invention. In this surface light source device 51, a prism 
sheet 49 is arranged on the light guide plate 22 and a reflector 
52 is arranged below the light guide plate 22. The prisms 27 
each having a triangular shaped section are formed all over 
the full width or sectionally formed on the top surface of the 
prism sheet 49, while the back surface of the prism sheet 49 
is formed to be smooth. Provided on the top surface of the 
reflector 52 are the diffusion patterns 28 composed of the main 
inclined plane 29 and the auxiliary inclined plane 30 as 
described above. 

[0090] In this surface light source device 51 , the light 

diagonally emitted from the top surface of the light guide plate 
22 is directed to the vertical upward direction by the prism 
sheet 49 for aiming to improve the frontal brightness of the 
surface light source device 51 . On the other hand, light leaked 
from the bottom surface of the light guide plate 22 or light 
emitted from the top surface of the light guide plate 22 and 
then returaingly reflected by the prism sheet 49 to transmit 
the light guide plate 22 is scattered by the diffusion patterns 
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28 while being controlled to be placed In a predetermined range 
upon the reflection by the reflector 52, and then, transmits 
the light guide plate 22 and the prism sheet 49 to thereby be 
vertically emitted, so that non-uniform brightness caused on 
the light guide plate 22 can be reduced (it is to be noted that 
the effect for reducing the non-uniform brightness is decreased 
compared to the first embodiment). Further, light scattered 
by the reflector 52 is scattered within a predetermined range, 
whereby the scattering light is difficult to be a loss. 

[Eighth Embodiment] 

[0091] Fig. 25 is a schematic sectional view of a liquid 

crystal display 53 using a surface light source device 54 
according to the present invention. This liquid crystal 
display 53 has a liquid crystal display panel 55 arranged on 
the surface light source device 54 of the present invention . 
The liquid crystal display panel has a liquid crystal layer 
57 sealed between an electrode substrate 58 having a TFT or 
the like formed thereon and an opposite substrate 56, whereby 
an image is produced by turning on or off each pixel. The use 
of the surface light source device 54 of the present invention 
for this liquid crystal display 53 enhances the main surface 
brightness, thereby being capable of obtaining a bright image 
and further being capable of obtaining a thin- sized liquid 
crystal display 53. 
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[Ninth Embodiment] 

[0092] Figs. 26 and 27 are perspective views showing 

applications of a surface light source device and liquid crystal 
display according to the present invention. Fig. 26 is a 
perspective view showing a cellular terminal 59 of a cellular 
phone or the like and it has an antenna 60, a liquid crystal 
display section 61 and Input keys 62. The use of the surface 
light source device or the liquid crystal display of the present 
invention for the liquid crystal display section 61 of this 
cellular terminal 59 can provide a bright image, thereby 
providing a satisfactory visibility, or can suppress the 
exhaustion of a battery by a reduced loss of light. Further r 
a thin- sized liquid crystal display section 61 can also attribute 
to obtain a thin-sized cellular terminal 59. 
[0093] Moreover, Fig. 30 shows amoblle computer 63 . This 

mobile computer 63 has a touch panel/display section 65 provided 
in a case 64 , the touch panel/display section 65 being protected 
by closing a cover 66. The use of the surface light source 
device or the liquid crystal display of the present invention 
for the touch panel/display section 65 of this mobile computer 
63 can provide a bright image, thereby providing a satisfactory 
visibility, or can suppress the exhaustion of a battery by a 
reduced loss of light. Further, a thin-sized touch 
panel/display section 53 can also attribute to obtain a 
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thin-sized mobile computer 63. 

[0094] An optical film, diffusion sheet and reflector of 

the present invention can diffuse light while controlling a 
diffusing direction by a first inclined surface, thereby 
suppressing a non-uniform brightness of Incident light by 
diffusing the incident light, and further, enables to hardly 
scatter light in the direction that causes a loss „ thereby being 
capable of aiming to improve a frontal brightness, 
[0095] Additionally, the optical film or reflector- of the 

present invention can reduce the number of components, that 
leads to provide a thin-sized surface light source device or 
liquid crystal display using the optical film or the reflector , 
thereby also being capable of obtaining an effect of reducing 
cost • 
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